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Description 

SYSTEM AND METHOD FOR 
TRANSITIONING BETWEEN ENGINE 
DEVICE SCHEDULES BASED ON ENGINE 
OPERATING CONDITION 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] This invention relates to engine control systems and, in 

particular, to a method and system for controlling various 
devices in an internal combustion engine based on varia- 
tions in engine operating conditions. 

[0003] 2. Discussion of Related Art 

[0004] | n recent years advances such as variable cam timing, 

variable valve lift, and charge motion control have intro- 
duced additional degrees of freedom and increased com- 
plexity to engine control. In response, an engine control 
system has been developed known as the "lockstep" sys- 
tem in which devices in the engine are simultaneously 



controlled without explicitly compensating for the inter- 
dependence between the devices. 

[0005] | n the lockstep system, a series of points are chosen 

spanning the engine speed/engine load domain. At each 
point, various devices are adjusted until the combination 
of settings provides a desired result. For example, one re- 
sult might be "stability limited" (SL) operating conditions 
in which optimal fuel economy and optimal emission lev- 
els are attained for a predetermined ambient temperature. 
Another result might be "optimal power" (OP) operating 
conditions in which an optimal output torque (i.e., wide 
open throttle) is attained for a predetermined altitude. 
Another result might be "default" (D) or "limp home" (LH) 
operating conditions resulting from, e.g., locked camshaft 
actuators which occasionally result from certain condi- 
tions such as cold temperatures or low oil pressure in the 
engine. Control values for each device in the engine are 
scheduled according to these determinations. 

[0006] The lockstep system has one drawback. The control value 
schedules are generally determined for the various engine 
devices in a fixed operating environment that does not 
account for variations in environmental operating condi- 
tions such as ambient air temperature, engine coolant 



temperature, engine oil temperature and humidity. In- 
stead, these environmental operating conditions are as- 
sumed to be constant during control value scheduling. 
Optimum values for controlling various engine devices, 
however, may vary responsive to changes in environmen- 
tal operating conditions. For example, variable cam posi- 
tion may be limited by engine oil temperature. 
[0007] The inventors herein have recognized a need for a method 
and system for controlling a device in an internal combus- 
tion engine that will minimize and/or eliminate one or 

more of the above-identified deficiencies. 
Summary of Invention 

[0008] jhe present invention provides a method and system for 
controlling a device in an internal combustion engine of a 
vehicle. 

[0009] a method in accordance with the present invention may 
include the step of determining a value for a parameter 
responsive to a first operating condition of the engine. 
The operating condition may, for example, comprise any 
of a wide variety of environmental operating conditions 
such as ambient air temperature. The parameter may also 
be a function of more than one operating condition of the 
engine. The parameter is capable of assuming a plurality 



of values and the plurality of values are divided into a plu- 
rality of predetermined value ranges. The method further 
includes the step of selecting a control value schedule for 
the device from among a plurality of control value sched- 
ules responsive to the parameter value. Each of the plural- 
ity of control value schedules corresponds to at least one 
of the plurality of predetermined value ranges for the pa- 
rameter. The method further includes the step of control- 
ling the device responsive to a control value obtained 
from the selected control value schedule. 
[0010] a system in accordance with the present invention may 
include an electronic control unit configured to perform 
the steps of the above-identified method. In particular, 
the electronic control unit may be configured to determine 
a value for a parameter responsive to a first operating 
condition of the engine wherein the parameter is capable 
of assuming a plurality of values and the plurality of val- 
ues are divided into a plurality of predetermined value 
ranges. The electronic control unit may be further config- 
ured to select a control value schedule for the device from 
among a plurality of control value schedules responsive to 
the parameter value wherein each of the plurality of con- 
trol value schedules corresponds to at least one of the 



plurality of predetermined value ranges for the parameter. 
The electronic control unit may further be configured to 
control the engine device responsive to a control value 
obtained from the selected control value schedule. 

[0011] a system and method in accordance with the present in- 
vention are advantageous. The inventive system and 
method enable improved control of both devices within 
the engine and the engine itself. In particular, the inven- 
tive system and method enable optimization of control 
values for various engine devices responsive to variations 
in environmental operating conditions. 

[0012] These and other advantages of this invention will become 
apparent to one skilled in the art from the following de- 
tailed description and the accompanying drawings illus- 
trating features of this invention by way of example. 
Brief Description of Drawings 

[0013] Figure 1 is a schematic diagram illustrating an internal 

combustion engine incorporating a system in accordance 
with the present invention for controlling one or more de- 
vices of the engine. 

[0014] Figure 2 is a flowchart diagram illustrating a method in 

accordance with the present invention for controlling one 
or more devices of the engine. 



[0015] Figures 3A-3C are flowchart diagrams illustrating sub- 
steps of one embodiment of the inventive method. 

[0016] Figure 4 is a schematic diagram illustrating a method in 

accordance with the present invention for controlling one 

or more devices of the engine. 
Detailed Description 

[0017] Referring now to the drawings wherein like reference nu- 
merals are used to identify identical components in the 
various views, Figure 1 illustrates an internal combustion 
engine 10 and a system 12 in accordance with the present 
invention. System 12 is used to control one or more de- 
vices in engine 10. 

[0018] Engine 10 is designed for use in a motor vehicle. It should 
be understood, however, that engine 10 may be used in a 
wide variety of applications. Engine 10 provides motive 
energy to a motor vehicle or other device and is conven- 
tional in the art. Engine 10 may comprise an internal com- 
bustion engine. Engine 10 may define a plurality of com- 
bustion chambers or cylinders 14 and may also include a 
plurality of pistons 16, coolant passages 18, a throttle as- 
sembly 20, an intake manifold 22, intake valves 24, fuel 
injectors 26, spark plugs 28, an exhaust manifold 30, ex- 
haust valves 32, camshafts 34, 36, and an engine gas re- 



circulation (EGR) system 38. 

[0019] Cylinders 14 provide a space for combustion of an air/fuel 
mixture to occur and are conventional in the art. In the il- 
lustrated embodiment, only one cylinder 14 is shown. It 
will be understood, however, that engine 10 may define a 
plurality of cylinders 14 and that the number of cylinders 
14 may be varied without departing from the spirit of the 
present invention. 

[0020] Pistons 16 are coupled to a crankshaft (not shown) and 
drive the crankshaft responsive to an expansion force of 
the air-fuel mixture in cylinders 14 during combustion. 
Pistons 16 are conventional in the art and a piston 16 may 
be disposed in each cylinder 14. 

[0021] Coolant passages 18 provide a means for routing a heat 
transfer medium, such as a conventional engine coolant, 
through engine 10 to transfer heat from cylinders 14 to a 
location external to engine 10. Passages 18 are conven- 
tional in the art. 

[0022] Throttle assembly 20 controls the amount of air delivered 
to intake manifold 22 and cylinders 14. Assembly 20 is 
conventional in the art and may include a one or more 
pedal position sensors 40, 42, 44, a throttle body 46, a 
throttle plate 48, an actuator 50, and one ore more throt- 



tie position sensors 52, 54. 
[0023] Pedal position sensors 40, 42, 44 are provided to detect 
the position of the vehicle accelerator pedal 56. Sensors 
40, 42, 44 are conventional in the art may comprise po- 
tentiometers. Sensors 40, 42, 44 generator pedal position 
signals that may be input to the vehicle's electronic con- 
trol unit. The signals are indicative of the position of pedal 
56. As will be understood by those in the art, pedal 56 
may be urged to a normal position by one or more springs 
58, 60. 

[0024] Throttle body 46 provides an inlet for air provided to en- 
gine 10. Throttle body 46 is conventional in the art and is 
generally cylindrical in shape. 

[0025] Throttle plate 48 regulates the amount of airflow through 
throttle body 48 and to engine 10. Plate 48 is conven- 
tional in the art and may be supported on a shaft having 
an axis of rotation perpendicular to the cylindrical axis of 
body 46. Plate 48 may be urged to a normal position by 
one more return springs 62, 64. 

[0026] Actuator 50 controls the position of throttle plate 48 and 
is conventional in the art. Actuator 50 may be responsive 
to one or more control signals generated by the vehicle's 
electronic control unit. 



[0027] Sensors 52, 54 generate position signals indicative of the 
angular position of throttle plate 48 within body 46. Sen- 
sors 52, 54 are conventional in the art and may comprise 
potentiometers. 

[0028] intake manifold 22 provides a means for delivering 

charged air to cylinders 14. Manifold 22 is conventional in 
the art. An inlet port 66 is disposed between manifold 22 
and each cylinder 14. 

[0029] intake valves 24 open and close each intake port 66 to 

control the delivery of air to the respective cylinder 14. In- 
take valves 24 are conventional in the art. Although only 
one intake valve is shown in the illustrated embodiment, it 
should be understood that multiple intake valves may be 
used for each cylinder 14. 

[0030] Fuel injectors 26 are provided to deliver fuel in controlled 
amounts to cylinders 14 and are conventional in the art. 
Although only one fuel injector 26 is shown in the illus- 
trated embodiment, it will again be understood that en- 
gine 10 will include additional fuel injectors for delivering 
fuel to other cylinders 14 in engine 10. 

[0031] Spark plugs 28 are provided to ignite the air/fuel mixture 
in cylinders 14. Spark plugs 28 are also conventional in 
the art. Although only one spark plug is shown in the il- 



lustrated embodiment, it should be understood that each 
cylinder 14 will include at least one spark plug 28. A con- 
ventional ignition system (not shown) such as a solid- 
state ignition system (i.e., a distributor-less system) may 
be used to deliver electrical current to spark plugs 28. 

[0032] Exhaust manifold 30 is provided to vent exhaust gases 
from cylinders 14 after each combustion event. Manifold 
30 is conventional in the art and may deliver exhaust 
gases to a catalytic converter (not shown). An exhaust 
port 68 is disposed between manifold 30 and each cylin- 
der 14. The present invention provides a system and 
method for measuring the temperature of exhaust gas at 
an exhaust flange in manifold 30 where exhaust pipes 
from individual cylinders converge. 

[0033] Exhaust valves 32 open and close each exhaust port 68 to 
control the venting of exhaust gases from the respective 
cylinder 14 and are also conventional in the art. Again, al- 
though only one exhaust valve is shown in the illustrated 
embodiment, it should be understood that multiple ex- 
haust valves may be used for each cylinder 14. 

[0034] Camshafts 34, 36 are provided to control the opening and 
closing of intake valves 24 and exhaust valves 32, respec- 
tively, in each of cylinders 14. Camshafts 34, 36 are con- 



ventional in the art and may be controlled by actuators 
(not shown) responsive to control signals generated by the 
vehicle's electronic control unit (ECU). Camshafts 34, 36 
may have multiple cams disposed thereon having different 
cam profiles for variable control of intake valves 24 and 
exhaust valves 32. 

[0035] EGR system 38 is provided to return a portion of the ex- 
haust gases to cylinders 14 in order to reduce emissions 
of combustion by-products. EGR system 38 includes may 
include a passage 70, a differential pressure transducer 
72, an EGR valve 74, and an valve actuator 76. 

[0036] Passage 70 extends from exhaust manifold 30 to intake 
manifold 22. Passage 70 may define a metering orifice 78. 

[0037] Transducer 72 generates a signal indicative of the pres- 
sure drop across orifice 78. Transducer 72 may be con- 
nected to pressure taps upstream and downstream of ori- 
fice 78. The signal generated by transducer 72 may be 
provided as an input to the vehicle's electronic control 
unit. 

[0038] EGR valve 74 is conventional in the art and is provided to 
regulate the flow of recirculated exhaust gas from exhaust 
manifold 30 to intake manifold 22. EGR valve 74 may be 
pneumatically actuated. 



[0039] Actuator 76 may comprise a vacuum modulating solenoid. 
Actuator 76 may be controlled responsive to a control 
signal from the vehicle's electronic control unit. 

[0040] System 12 is provided to control various devices in engine 
10 such as intake valves 24, fuel injectors 26, spark plugs 
28, exhaust valves 32, throttle actuator 50, and EGR valve 
actuator 76 along with other devices not shown such as 
camshaft actuators, swirl control valves and/or cam pro- 
file switching devices. In this manner, system 12 controls, 
among other things, valve lift, compression ratio, and cam 
timing. System 12 may form part of a larger system for 
controlling engine 10. System 12 may include an elec- 
tronic control unit (ECU) 80. 

[0041] ECU 80 is provided to control engine 10. ECU 80 may 

comprise a programmable microprocessor or microcon- 
troller or may comprise an application specific integrated 
circuit (ASIC). ECU 80 may include a central processing 
unit (CPU) 82 and an input/output (I/O) interface 84. 
Through interface 84, ECU 80 may receive a plurality of 
input signals including signals generated by sensors 40, 
42, 44, 52, 54, 72 and other conventional sensors such as 
a profile ignition pickup (PIP) sensor 86, a engine coolant 
temperature sensor 88, a cylinder identification (CID) sen- 



sor 90, an air temperature sensor 92, a mass air flow 
(MAF) sensor 94, a manifold absolute pressure (MAP) sen- 
sor 96, and a Heated Exhaust Gas Oxygen (HEGO) sensor 
98. Also through interface 84, ECU 80 may generate a 
plurality of output signals including one or more signals 
used to control fuel injectors 26, the ignition system for 
spark plugs 38, the actuators for camshafts 34, 36, and 
actuators 50 (for throttle plate 48), 76 (for EGR valve 74). 
ECU 80 may also include one or more memories including, 
for example, Read Only Memory (ROM) 100, Random Ac- 
cess Memory (RAM) 102, and a Keep Alive Memory (KAM) 
104 to retain information when the ignition key is turned 
off. 

[0042] Referring now to Figure 2, a method in accordance with 

the present invention for controlling a device in engine 10 
will be described in detail. The inventive method or algo- 
rithm may be implemented by system 12 wherein ECU 80 
is configured to perform several steps of the method by 
programming instruction or code (i.e., software). The in- 
structions may be encoded on a computer storage 
medium such as a conventional diskette or CD-ROM and 
may be copied into one of memories 100, 102, 104 of 
ECU 80 using conventional computing devices and meth- 



ods. 

[0043] Referring to Figure 2, a method in accordance with the 
present invention may begin with the step 106 of deter- 
mining a value for a parameter responsive to an operating 
condition of engine 10. The operating conditions may 
comprise, for example, environmental operating condi- 
tions associated with engine 10 that are not compensated 
for in scheduling control values for devices in engine 10. 
Some exemplary environmental operating conditions are 
ambient air temperature, engine coolant temperature, en- 
gine oil temperature and humidity. 

[0044] step 106 may include several substeps. In particular, ECU 
80 may be configured, or encoded, to receive a signal or 
signals indicative of a value associated with one or more 
operation conditions of engine 10. Values for operating 
conditions of the engine may be made in a conventional 
manner and the values may be directly measured or esti- 
mated. For example, ECU 80 may determine the ambient 
air temperature and engine coolant temperature respon- 
sive to signals received from sensors 92, 88, respectively. 
ECU 80 may then be configured, or encoded, to calculate a 
value for a parameter that is a function of the one or more 
engine operating conditions. It should be readily under- 



stood that the parameter may be derived from the engine 
operating conditions in a variety of ways (i.e., a variety of 
mathematical functions may be used to calculated the pa- 
rameter value). The particular derivation of the parameter 
value may be dependant upon a number of design consid- 
erations associated with the function and performance of 
engine 10. One exemplary function for obtaining the pa- 
rameter value may be written as follows: 

[0045] parameter _ value — tableA (al * engine _ oil _ temp + a2 * coolant _ temp) 

[0046] where al and a2 are constants that sum to 1.0, en- 
gine_oil_temp represents engine oil temperature, and 
coolant.temp represents engine coolant temperature and 
the parameter value is obtained from a lookup table 
stored in a memory such as one of memories 100, 102, 
104. In an alternative function, coolant.temp may be re- 
placed by the ambient temperature. 

[0047] The parameter, as a function of one or more engine oper- 
ating conditions, is capable of assuming a plurality of val- 
ues. In accordance with the present invention, these val- 
ues are divided into a plurality of predetermined value 
ranges. The value ranges preferably do not overlap and 
the values at either end or extreme of a value range define 
threshold values. For example, one value range may con- 



tains parameter values from 11-20, another value range 
may contain parameter values from 21-30, and another 
value range may contain parameter values from 31-40. 
Values 11, 20, 21, 30, 31, and 40 would be threshold val- 
ues. It should be understood that the particular values and 
value ranges set forth herein are provided as an example 
only. 

[0048] The inventive method may continue with the step 108 of 
selecting a control value schedule for the device in engine 
10 that is being controlled. The control value schedule is 
selected from among a plurality of control value schedules 
responsive to the previously obtained parameter value. 
Each control value schedule may comprises a data struc- 
ture, such as a table, stored in a memory such as one of 
memories 100, 102, 104. The control values for a particu- 
lar device may be scheduled against engine speed and 
load (as indicated in Figure 4) or against other measurable 
operating conditions of engine 10. As discussed herein- 
above, there may be multiple control value schedules for 
each engine device in order to achieve desired operating 
characteristics under predetermined engine operating 
conditions such as "Stability Limited," "Optimal Power," or 
"Limp Home" operating conditions. In accordance with the 



present invention, multiple control value schedules for 
each engine device are also determined responsive to en- 
vironmental engine operating conditions quantified by the 
parameter value. Each of the control value schedules for 
each device correspond to at least one of the value ranges 
for the parameter. Accordingly, the value range into which 
the parameter value falls can determine the control value 
schedule that is used for the engine device. It should be 
understood that each control value schedule may corre- 
spond to more than one value range. It should also be un- 
derstood that a control value schedule may comprise a 
static value stored in memory that is accessed and used to 
control an engine device irrespective of the engine speed, 
engine load or other operating condition. 
[0049] step 108 may include several substeps. Referring now to 
Figures 3A-C and 4, one embodiment of the inventive 
method will be described in greater detail. Step 108 may 
begin with the substep of identifying a value range from 
among the plurality of predetermined value ranges re- 
sponsive to the previously determined parameter value. 
Referring to Figures 3A-3C, ECU 80 may be encoded with 
a subroutine for implementing this substep. Referring to 
Figure 3A, the subroutine may begin with a determination 



as to whether ECU 80 is executing the subroutine for the 
first time as indicated in block 110. If the subroutine is 
being executed for the first time, ECU 80 sets a flag 

Range 0 _Flag 

as indicated in block 112. The flag 

Range 0 _Flag 

along with other flags identified herein may be imple- 
mented by storing one of two values in a location in a 
memory such as one of memories 100, 102, 104. If the 
subroutine is not being executed for the first time, ECU 80 
determines whether the flag 

Range 0 _Flag 

is set as indicated in block 114. If the flag 

Range Q _Flag 

is not set, the subroutine continues on to determine 
whether any other flags 

Range !_Flag ... Range ± _Flag , ... Range n _Flag- - 
each corresponding to one of the predetermined value 



ranges-are set as indicated in blocks 116, 118. Depend- 
ing upon which flag is set, ECU 80 executes an appropri- 
ate subroutine as indicated in blocks 120, 122, 124. 
[0050] Referring to Figure 3B the substep of identifying a value 
range may include the substep of comparing the parame- 
ter value to a threshold value for a value range as indi- 
cated in block 126. In the illustrated embodiment, ECU 80 
determines whether the parameter value is greater than 
the sum of a threshold value 

Range i +1 _ Thresh 

for the subsequent value range and a predetermined 
amount Delta. The use of a predetermined amount Delta 
in addition to the threshold value 

Range i +1 _ Thresh 

provides a hysteresis so that ECU 80 does not oscillate 
between value ranges. If the parameter value is greater, 
ECU 80 determines whether a timer value timer is greater 
than a predetermined timer value 

Range i+1 Time 



for the subsequent value range as indicated in block 128. 
If the timer value is not greater, ECU 80 may perform the 
substep of comparing the parameter value to the sum of 
the threshold value 

Range i +1 _ Thresh 

plus a second predetermined amount Jump_Delta as indi- 
cated in block 130. The amount Jump_Delta is greater 
than Delta. If the parameter value exceeds this sum, the 
subroutine selects the subsequent value range by setting 
the flag 

Range j +2 _F1 ag 

for the subsequent value range and clearing the flag 

Range i_Fl ag 

for the current value range as indicated in block 132. The 
subroutine also clears the timer as indicated in block 132. 
The subroutine then ends as indicated in Figure 3A until 
called again. The use of the comparison in block 130 al- 
lows ECU 80 quickly identify the appropriate value range 
by terminating the subroutine for a given value range 



quickly and moving through successive value ranges when 
the parameter value is changing rapidly. This may occur, 
for example, at key-on where engine operating conditions 
such as the engine coolant temperature and engine oil 
temperature are rapidly increasing. If the parameter value 
does not exceed the sum of 

Range i +1 _ Thresh 

plus Jump_Delta, ECU 80 may be configured, to encoded, 
to implement the substep of incrementing the timer value 
timer as indicated at block 134. ECU 80 may also calculate 
a coefficient value Range.Coeff by dividing the timer value 
timer by the predetermined timer value 

Range i+1 _Time 

. The coefficient value may be used by ECU 80 to imple- 
ment a linear transition between control values for an en- 
gine device as described in greater detail hereinbelow. 
[0051] Referring again to block 126, if the parameter value does 
not exceed the sum of the threshold value 

Range i+1 Thresh 



and Delta, ECU 80 may determine whether the parameter 
value is greater than the threshold value 

Range i +1 _ Thresh 

as indicated at block 136. If the parameter value is not 
greater, the subroutine continues as discussed hereinbe- 
low with reference to Figure 3C. If the parameter value is 
greater, ECU 80 determines whether the timer value timer 
has been previously incremented as indicated at block 
138. If the timer value timer has not been incremented, 
the subroutine again continues as discussed hereinbelow 
with reference to Figure 3C. If the timer value timer has 
been previously incremented, the subroutine continues in 
accordance with block 128 as discussed hereinabove. The 
comparisons in blocks 136, 138 ensure that the timer 
value timer continues to be incremented where the pa- 
rameter value has previously attained a value greater than 

Range i +1 _ Thresh 

and Delta and is now decreasing, but is still within the 
value range (i.e. above the threshold value for the value 
range). 



[0052] Referring to Figure 3C, the subroutine may continue as in- 
dicated in block 140 wherein ECU 80 may be configured, 
or encoded, to determine whether the parameter value is 
less than or equal to the threshold value 

Range i.^Thresh 

for a preceding value range minus a predetermined 
amount Delta. The use of a predetermined amount Delta 
in addition to the threshold value 

Rangei ^_Thresh 

again provides a hysteresis so that ECU 80 does not oscil- 
late between value ranges. If the parameter value is less, 
ECU 80 may be configured, or encoded, to determine 
whether the timer value timer is greater than a predeter- 
mined timer value 

Range i^^Time 

as indicated in block 142. If the timer value timer is 
greater, ECU 80 may be configured, or encoded, to set the 
flag 



Range i -i_Fl ag 

for the preceding value range, clear the flag 

Range i_Flag 

for the current value range and clear the timer as indi- 
cated in block 144. The subroutine then ends as indicated 
in Figure 3A until called again by ECU 80. If the timer 
value timer is less than the predetermined timer value 

R ange ± . 2 _ Ti m e 

, ECU 80 may be configured, or encoded, to increment the 
timer value timer and calculates a coefficient Range.Coeff 
by dividing the timer value timer by the predetermined 
timer value 

Rangei .^Time 

as indicated in block 146. As set forth hereinabove, the 
coefficient value Range.Coeff may be used by ECU 80 to 
implement a linear transition between control values for 
an engine device. 
[0053] Referring again to block 140, if the parameter value is not 



less than the threshold value 



Rangei . ± _Thresh 

minus Delta, ECU 80 may be configured, or encoded, to 
determine whether the parameter value is less than the 
threshold value 

Range i.^Thresh 

as indicated at block 148. If the parameter value is not 
less, the subroutine ends until called again by ECU 80. If 
the parameter value is less, ECU 80 determines whether 
the timer value timer has been previously incremented as 
indicated at block 150. If the timer value timer has not 
been incremented, the subroutine again ends until called 
again. If the timer value timer has been previously incre- 
mented, the subroutine continues in accordance with 
block 142 as discussed hereinabove. The comparisons in 
blocks 148, 150 ensure that the timer value timer contin- 
ues to be incremented where the parameter value has 
previously attained a value less than 



Rangei.! Thresh 



minus Delta and is now increasing, but is still within the 
value range (i.e. below the threshold value for the value 
range). 

[0054] Once a value range has been identified responsive to the 
parameter value, ECU 80 may be configured, or encoded, 
to perform the substep of choosing a control value sched- 
ule corresponding to the value range. A data structure 
may be maintained in one of memories 100, 102, 104 
correlating the value range with control value schedules 
for each engine device to be controlled. It should be un- 
derstood, however, that the corresponding control value 
schedule may be obtained in a variety of ways known in 
the art. 

[0055] Referring again to Figure 2, the inventive method may fur- 
ther include the step 142 of controlling the device of en- 
gine 10 responsive to a control value obtained from the 
selected control value schedule. ECU 80 may be config- 
ured, or encoded, to access the selected control value 
schedule responsive to, for example, engine speed and 
load and obtain a control value. ECU 80 may then use the 
control value to control device in a conventional manner. 

[0056] Referring now to Figure 4, a more specific example of the 
inventive method will be described to aid in understand- 



ing the invention. As shown in block 144, the value for a 
parameter varies over time. As set forth hereinabove, the 
parameter value may be a function of one or more operat- 
ing conditions for the engine. Referring to block 146, the 
value of the parameter may initially be initially fall within a 
parameter value range 

Rangei 

. As time passes, the value of the parameter may rise and 
exceed a threshold value 148 for the parameter value 
range 




. As mentioned hereinabove, ECU 80 does not immediately 
select the control value schedule corresponding to 




to prevent undesirable oscillation. Rather, a hysteresis is 
established. Therefore, and with reference to Figure 3B-C, 
ECU 80 will initially step through the comparisons at sub- 
steps 126, 136, 140, and 148 until the parameter value 
exceeds a the sum of the threshold value 



Range i +1 _ Thresh 

plus a predetermined amount Delta (substep 126) or is 
less than the difference between the threshold value 

Ranges . ± _Thresh 

minus a predetermined amount Delta (substep 140). 
[0057] Referring again to Figure 4 and block 146, the parameter 
value may continue to increase over time and eventually 
exceed the sum 150 of 

Range i +1 _ Thresh 

and Delta. ECU 80 will then being incrementing a timer as 
indicated in block 146 by stepping through the substeps 
126, 128, 130, 134 illustrated in Figure 3B. The coeffi- 
cient value Range.Coeff will also begin to increase linearly 
with the incrementation of the timer as illustrated in block 
152 of Figure 4. ECU 80 may continue to increment the 
timer even if the parameter value begins to decrease as il- 
lustrated in block 146. If the timer exceeds the predeter- 
mined timer value 



Range i +1 _ Time 

corresponding to the parameter value range 




, ECU 80 will establish the parameter value range 




as the current range and begin executing the subroutine 
for range 




as illustrated in blocks 146, 154 of Figure 4 and substeps 
128, 132 of Figure 3B. 
[0058] | n accordance with the present invention, ECU 80 controls 
engine control devices by obtaining values from control 
value schedules corresponding to the selected parameter 
value range. Referring to Figure 4, in one embodiment of 
the invention ECU 80 may perform an interpolation be- 
tween values obtained from multiple control value sched- 
ules (responsive to, e.g., engine speed and load) using the 
coefficient value Range_Coeff. In particular, ECU 80 may 
determine a control value for the engine control device 



responsive to control values taken from control value 
schedules for parameter value ranges 



Ranges 

, and 




by using a multiplier for each control value based on the 
coefficient value Range_Coeff to generate an output as in- 
dicated in block 156. 
[0059] a system and method in accordance with the present in- 
vention represent an improvement relative to the prior art. 
The inventive system and method enable improved control 
of devices within the engine and the engine itself. In par- 
ticular, the inventive system and method enable optimiza- 
tion of control values for various engine devices respon- 
sive to variations in environmental operating conditions 
that are often unaccounted for during control variable 
scheduling. 



